Materials
Quin 2-AM was purchased from DOTITE, Kumamoto, Japan; histamine dihydrochloride from Wako, Osaka, Japan; and ionomycin from Calbiochem Corp., La Jolla, Calif. The following drugs were purchased from Sigma Chemical Co., St. Louis: pyrilamine malate, cimetidine, l-norepinephrine hydrochloride, dl-isoproterenol, yohimbine, propranolol, and dibutyryl cAMP (db-cAMP). Prazosin was kindly donated from the manufacturer, Pfizer Inc., New York. The radioimmunoassay kit for cAMP was purchased from Yamasa Shoyu, Chiba, Japan. Drugs were dissolved in 1.0 mM Ca2+ physiological saline solution (PSS).
Primary Culture of Vascular Smooth Muscle Cells
VSMCs of the coronary artery and aorta from the pig were cultured in tandem and separately by the enzyme digestion method, with minor modifications.9 Briefly, the heart with aorta was obtained from a local slaughterhouse immediately after the animal had been killed and was transported to our laboratory in ice-cold Hanks' balanced salt solution containing 5.5 mM glucose and 100 ,ug/ml streptomycin. The left and right epicardial conduit coronary arteries (about 3-5 mm in diameter) were dissected and opened longitudinally. The intimal layer was scraped off, and the medial layer was mechanically stripped from the adventitia. The aorta was opened longitudinally, and the medial layer was also stripped away. The medial layers of the coronary artery and aorta were then separately dispersed into single cells by incubation with 1.0 mg/ml collagenase (Sigma) and 20 units/ml elastase (Sigma) for determined by phase-contrast microscopy at x 400. However, the cells were contractile, as evidenced by the fact that, when they were dispersed from the culture slide by trypsinization,9 they contracted when histamine, norepinephrine, or high extracellular K' in 1 mM Ca`+ PSS was applied.8
Assay of cAMP VSMCs on the culture dish were exposed to normal PSS containing 10-5 M isoproterenol for 5 minutes at 25°C. The reaction was halted by replacing the medium with ice-cold normal PSS, and the cells were homogenized in 6% trichloroacetic acid. After centrifugation at 1,500g for 10 minutes, the supernatant was adjusted at pH 3.0 by washing three times with diethyl ether. After centrifugation at 1,OOOg for 10 minutes, the supernatant was used to measure cAMP content with a radioimmunoassay kit. Direct immunofluorescent staining of actin and myosin showed positive staining in the cultured VSMCs, both from the coronary artery and aorta. Large numbers of stress fibers of actin and myosin in the cytoplasm were seen parallel to the longitudinal axis of the cells (Figure 1 ). These findings indicate that these cultured cells from the coronary artery and aorta were all smooth muscle cells. Chamley et al15 proposed that immunofluorescent staining of smooth muscle actin and myosin allowed for a correct identification of VSMCs. Fluorescence of the quin 2-Ca 2 complex was observed exclusively in the cytosol, both in coronary arterial and aortic VSMCs in primary culture. The extracellular space, nuclei, and stress fibers were not stained with quin 2 ( Figure  2 ). This was consistent with an earlier report that quin 2 was freely available for binding to Ca 2 in the cytosol and did not itself bind to macromolecules.17
In normal PSS containing 5 mM K' and 1 mM Ca2' Figure 3A . Histamine caused a transient elevation of cytosolic fluorescence signals in VSMCs, both from coronary artery and aorta, with a similar time course and extent. The maximal levels of elevation were observed at 2 minutes and were dose dependent ( Figure 3B ). Peak levels of [Ca'+], induced by 10`M histamine in VSMCs of the coronary artery and aorta were estimated to be 646±236 and 681±271 nM (n=5), respectively. EC50 values for coronary arterial and aortic VSMCs were 1.4x10`7 and 1.8x10-7 M, respectively. After reaching a maximum, the cytosolic fluorescence signal then gradually decreased to reach a level slightly but significantly higher than that before stimulation, both in coronary arterial and aortic VSMCs.
To identify the contributions of subtypes of hista- Figure 5A shows the effects of isoproterenol, a P-adrenergic agent, on the cytosolic fluorescence signal in cultured VSMCs of porcine coronary artery and aorta. Isoproterenol did not affect fluorescence in 6 pnm apart from the nucleus in the cytosoL To avoid the photobleaching effect, which differed in individual cells, the microfluorometry was camred out within 2 seconds after exposure of the cells to the excitation light. To obtain a photograph with a sharp contrast, the time of exposure to the excitation light was 30 seconds in these two photographs. Kodak Tri-Xfilm (ASA 400, monochrome) was used to take the quin 2 fluorescence photographs. Bar, 20 gim. 
Discussion
The activity of vascular smooth muscle can be regulated by catecholamines that are released from the autonomic nervous system and the adrenal medulla.
There is. however, considerable variability in the re- Although cultured cells used in the present study had the capacity to contract when dispersed from the culture slide by trypsinization, the contraction did not occur in our experimental condition, possibly because the cells adhered strongly to the culture slide. In addition, it is known that there is a modulation in the structure and, hence, in the function of myosin in the VSMCs during culture.9 Thus, the limitation of the present study regarding contraction of VSMCs in situ has to be kept in mind.
